###### Strengths and limitations of this study

-   This is the first study to describe the neurological development of neonates exposed to SARS-CoV-2.

-   Data are collected prospectively and systematically using a predesigned standardised case report form in order to minimise the information bias.

-   The majority of the data are from Hubei province, so the generalisability may be limited.

-   The diagnosis of affected status of COVID-19 for the maternal and neonatal cases were based on reverse transcription PCR tests, which cannot avoid the chance of misclassification.

Introduction {#s1}
============

Since December 2019, there has been an outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in Wuhan, China. It is genetically different from severe acute respiratory syndrome coronavirus (SARS coronavirus, SARS-CoV) and Middle East respiratory distress syndrome coronavirus (MERS coronavirus, MERS-CoV).[@R1] The WHO has officially named the disease as COVID-19. As of 20 February 2020, SARS-CoV-2 has affected 74 675 persons and has caused more than 2121 deaths in China, and it is rapidly spreading across the world. The recent research of Wang *et al* has indicated that the higher affinity of SARS-CoV-2 spike binding to ACE2 receptor compared with SARS-CoV leads to its rapid spread across the world.[@R2] Studies identified that patients with COVID-19 were infected though person-to-person transmission, and most patients with COVID-19 travelled to Wuhan within 14 days before the disease onset; also a familial aggregation was observed.[@R3] The main transmission is respiratory droplets, but it can also be transmitted through close contact. Recent studies have suggested that SARS-CoV-2 may be transmitted through the fecal-oral route.[@R4] However, the maternal-fetal vertical transmission remains controversial. Two recent studies showed that there were no clinical findings or investigations suggestive of COVID-19 among neonates born to infected pregnant women and all samples, including amniotic fluid, cord blood and breast milk were detected negative for SARS-CoV-2.[@R5] Moreover, none of the neonates born to pregnant women with SARS-CoV got infected through vertical transmission.[@R7] Recent research showed that there was low expression of the receptor ACE2, which has been identified as the functional receptor for SARS-CoV-2-induced lung injury, in the different cell types of the maternal--fetal interface of placentas from 6 gestational weeks to 14 gestational weeks.[@R8] The study suggested that the possibility of vertical transmission of infection via placenta was low in early pregnancy.[@R8] However, one neonate with a positive SARS-CoV-2 test at age 36 hours, born to the mother with COVID-19, has been reported by the National Health Commission. Notably, the total sample sizes from the current observational studies on affected pregnant women and neonates are small.[@R5]

The clinical manifestations of COVID-19 are classified according to the presence or absence of apparent symptoms, ranging from asymptomatic infection to severe pneumonia with acute respiratory distress syndrome, septic shock, acute kidney injury, disseminated intravascular coagulation, rhabdomyolysis and multiorgan failure leading to death.[@R9] The most common symptoms are fever (87.9%) and cough (67.7%).[@R10] The clinical short-term outcomes are associated with oxygen saturation, respiratory rate, blood leucocyte/lymphocyte count and chest X-ray/CT findings.[@R9] Although the pregnant women and children are susceptible to SARS-CoV-2 in the early phase of the COVID-19 epidemic,[@R11] the clinical course of children with COVID-19 was less aggressive compared with that of adults.[@R9] The symptoms of the confirmed children include fever, cough, tachypnoea, vomiting and diarrhoea, which are flu-like symptoms.[@R12] However, thus far, few neonates infected with SARS-CoV-2 have been reported.[@R13]

In addition, the study by Zhu *et al* has shown that two newborns presented with elevated procalcitonin (PCT, reference value: ＜0.05 ng/mL within 6 hours of life) and/or interleukin 6 (IL-6, reference range: 0--20.9 pg/mL) within 72 hours of life (PCT 9.2 ng/mL, IL-6 274.6 pg/mL, in one; PCT 20.74 ng/mL, in another), and one of these died of multiple organ failure.[@R5] It is known that prenatal infection/inflammation predisposes to fetal inflammatory response syndrome (FIRS).[@R14] Therefore, the elevated inflammatory markers of the two newborns after birth may be related to the maternal COVID-19. Francis *et al* reported that neonates with FIRS had lower mean motor development scores than those without FIRS.[@R15] Moreover, animal and clinical studies have indicated that human coronaviruses have been related to central nervous system pathogenic processes, such as demyelinating disease in humans.[@R16] Human coronavirus in cerebrospinal fluid has been identified as the pathogen in a child with acute disseminated encephalomyelitis.[@R17] Currently, no studies have described the neurological outcomes of neonates with COVID-19. Additionally, SARS-CoV and MERS-CoV have caused perinatal adverse outcomes, including fetal distress, fetal growth restriction, preterm birth and fetal demise.[@R18] Compared with the clinical features of SARS-CoV and MERS-CoV, the rate of adverse outcomes of SARS-CoV-2-infected mothers and fetal mortality seems lower.[@R5] For these reasons, we have undertaken this observational study focusing on the clinical course and long-term neurological outcomes of neonates with SARS-CoV-2 exposure.

Objectives {#s2}
==========

The aim of the study is to describe the clinical findings and long-term neurological outcomes of neonates exposed to SARS-CoV-2 and to evaluate the clinical characteristics and prognosis of neonates born to mothers with COVID-19.

Methods and analysis {#s3}
====================

Study design and setting {#s3-1}
------------------------

This observational study obtains clinical data from designated children and maternal and child hospitals in 31 provinces/municipalities of the mainland of China from 1 February 2020 to 31 November 2020. Given that SARS-CoV-2 spreads rapidly and is contagious to the general population, all suspected or confirmed patients are admitted to designated hospitals. Patients are enrolled in this study after receiving informed consent from the patient or their guardian. The medical information questionnaires are classified into maternal and neonatal versions, which include demographic details, epidemiological history, clinical manifestations, timing and results of laboratory tests and imaging, and therapeutic data. Two researchers independently check and record the data to ensure accuracy. Each maternal and neonatal case report form (CRF) is assigned a unique identifier number and the initials of the first name and family name of the patient to maintain confidentiality (see CRFs in [online supplementary](#SP1){ref-type="supplementary-material"} file).
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Eligible infants will be followed up at five time points no matter whether the infants are in hospital or discharged at home, which are days 3, 7, 14, 28 after enrolment and the corrected age of 6 months. If the infants are discharged at home, they will be followed up at the clinic of the designated hospitals. If the infant is dead during initial hospitalisation, the next few follow-ups will not be conducted. The neonates born at more than 35 weeks+0 days are followed up at 6 months after birth and the infants born at less than 35 weeks+0 days are followed up at a corrected age of 6 months (see [figure 1](#F1){ref-type="fig"}).

![Protocol and follow-up of neonates exposed to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Regarding the enrolment time point, the neonates born to mothers with COVID-19 are enrolled on the day of birth and the neonates with COVID-19 are enrolled on the day of admission. DDST, Denver Developmental Screening Test.](bmjopen-2020-038004f01){#F1}

Study population {#s3-2}
----------------

Study participants are being recruited from all the designated children and maternal and child hospitals in China during the study period. Considering the emerging disease, our study used a convenience sampling method, and all eligible participants from a large number of study centres were consecutively recruited, although not randomly, thus selection bias has been minimised.

### Criteria for patient inclusion {#s3-2-1}

1.  Age from day 0 to 28 days.

2.  Neonates with COVID-19, or neonates born to mothers with COVID-19.

### Criteria for patient exclusion {#s3-2-2}

Neonates with major anomalies. The major anomalies are defined according to the US Centers for Disease Control and Prevention (CDC) guidelines.[@R21]

Sample size {#s3-3}
-----------

This study will comprise all the participants from all of the designated children and maternal and child hospitals in the mainland of China during the study period. A minimum of 100 individuals will be recruited.

Study measures {#s3-4}
--------------

Primary outcomes are mortality of neonates with COVID-19 at the time of initial discharge and SARS-CoV-2 infection of neonates born to mothers with COVID-19 within 7 days of birth. The diagnosis of neonatal COVID-19 is based on the guidelines provided by the National Health Commission and the Chinese Perinatal-Neonatal SARS-CoV-2 Committee.[@R22]

Secondary outcomes are listed below:

1.  The birth weight of the neonates born to mothers with COVID-19 at birth.

2.  Preterm delivery of neonates born to mothers with COVID-19 at delivery.

3.  The disease severity of neonates with COVID-19 during initial hospitalisation.[@R22]

4.  The neurological development measured by the Chinese standardised Denver Developmental Screening Test (DDST) in neonates exposed to SARS-CoV-2.[@R24]

Neonates with SARS-CoV-2 infection are classified into asymptomatic, mild infection and severe infection, according to the expert consensus provided by the Chinese Perinatal-Neonatal SARS-CoV-2 Committee.[@R22]

The DDST is one of the most prevalent screening tools used for children aged 1 month to 6 years.[@R24] The standardised DDST consists of 104 items and covers four areas of development: (1) Personal/social. (2) Fine motor/adaptive. (3) Language. (4) Gross motor. In the study, three trained professionals examine the children. The results of DDST could be normal (no delays), suspect (two or more caution items and/or one or more delays), abnormal (two or more delays) or untestable (refusal of one or more items completely to the left of the age line or more than one item intersected by the age line in the 75%--90% area). The children with abnormal results are retested in 2--3 weeks. The infants born at more than 35 weeks+0 days are evaluated at 6 months after birth and the infants born at less than 35 weeks+0 days are evaluated at a corrected age of 6 months.

The study explores other clinical variables, including age, gender, the epidemiological history, clinical manifestations (fever, lethargy, cough, vomiting, oxygen saturation, etc), collection time and results of laboratory testing, time and results of imaging, and therapeutic data (see CRFs in [online supplementary](#SP1){ref-type="supplementary-material"} file).

Laboratory processing {#s3-5}
---------------------

### SARS-CoV-2 testing {#s3-5-1}

In this study, SARS-CoV-2 will be tested in blood, cord blood, amniotic fluid, placenta, respiratory tract, stool, urine, breast milk from mothers or neonates as scheduled if the samples are available (see [figure 1](#F1){ref-type="fig"}). SARS-CoV-2 will be tested by real-time reverse transcription PCR (RT-PCR) in the Chinese CDC. The collection, transfer, processing and testing of samples meet WHO requirements. According to WHO\'s RT-PCR guidelines, CDC uniformly uses the kit recommended by the Chinese CDC (BioGerm, Shanghai, China) to detect SARS-CoV-2 in the samples from mothers and newborns.

### Other examinations {#s3-5-2}

The completed blood count, C reactive protein, PCT, blood gas analysis, acid-base studies, serum electrolyte and creatinine measurements, blood urea nitrogen, liver function tests, cardiac biomarkers, coagulation function and chest imaging are performed when clinically indicated in the enrolled hospitals. Tests for other aetiology of infection, such as influenza viruses, respiratory syncytial virus, bacteria, and so on, are performed if clinically indicated (see CRFs in [online supplementary](#SP1){ref-type="supplementary-material"} file).

Data analysis plan {#s3-6}
------------------

Descriptive statistics will be used to define clinical parameters in neonates exposed to SARS-CoV-2. For continuous variables, values and SD will be reported; for categorical variables, percentages and SD will be reported. The Student's t-test for independent groups will be used for data with a normal distribution. The differences in categorical variables will be measured by the χ^2^ test or Fisher's exact test, and the differences in abnormally distributed quantitative variables will be analysed by the Mann-Whitney U test. The analyses will be primarily conducted using SPSS V.20.

Ethics and dissemination {#s3-7}
------------------------

Any protocol modifications will be communicated to the study team and ethics committees. This study has been approved by the Children\'s Hospital of Fudan University ethics committee. Written informed consent is obtained from all participants. For neonates, written informed consent will be obtained from their parents/legal guardians. The research team will explain the study information to the neonate's mother/guardian orally or in writing, including the study objectives, potential risks and benefits, inconveniences and the participants' rights and responsibilities. The investigating team will write all articles, and submit them for peer-reviewed publication; authorship inclusion and order will be measured by levels of contribution.

Study status {#s3-8}
------------

The study began recruitment on 1 February 2020. Thus far, 43 maternal-neonatal pair have been recruited. Among these, three neonates born to mothers with COVID-19 have been tested positive for SARS-CoV-2 in nasopharyngeal samples within 72 hours after birth and no deaths have been reported.[@R26]

Patient and public involvement {#s3-9}
------------------------------

There are no patients and public involved in the study.
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